Using the Meta-Environment
for Model-Driven Engineering

>

Tijs van der Storm, Ph.D.

Centrum voor Wiskunde en Informatica
storm@cwi.nl

http://homepages.cwi.nl/~storm



mailto:storm@cwi.nl

Introduction

O Me: Tijs van der Storm
0O Researcher (CWI) / teacher (UVA)

O Interests:
= Software evolution
" Programming languages
O Today:
= Using the Meta-Environment...
= for Model Driven Engineering (MDE)
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The Meta-Environment

a programming environment for languages
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ASF+SDF Meta-Environment

en0n ASF+5DF Meta-Environment
File Views Facts Module Term Structure Edit
Processes |M{ ¢ » ¥ » _ O x| |import-graph:"sdf' | demo.trm 2 — X [ =
> basic module Hello
> containers def main
v languages layout("Hello") {
> aterm hl "Hello World!":
> box } p "Home";
> java-15 end
v waebric
» all
v heck def layout(title)
cl ech ; html {
Chec 4 head title title;
waebric| v body yield;
Moduled... 2 - % # _0Ox||end
Namesp... | Key Value (—\Q—TI P _x
gy “status’  parsed m Console “Progress | Issues [ =
“asil "path ) I;Ial-atht feee —— | ® symbol is not used anywhere m
S, g, angua-- K »_symbol is not used anywhere :
Idle IdCon

ASF: Algebraic Specification Formalism
SDF: Syntax Definition Formalism
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Introducing the Meta-
Environment

...iIn counterpoint with Smalltalk
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Smalltalk

Everything is an object
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ASF+SDF Meta-Environment

Everything is (parsed) “source code”
(also called “terms”)
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Terms are trees

O ...parse trees
0O ASTs with layout

|MethodHeader ExecutableCode -> MethodDeclaration |

L

‘ UnaryMethodHeader -> MethodHeader| | LocalVariableDeclarationList? (Statement °." )* FinalStatement "7 -> Executable[ode|
‘UnawMessaquelector - UnarvMethodHeader| | -> LocalVariabIeDeclarationList?| Statement ")E |MethDdReturnDperator Staterment - FmalStatement‘
| <UnaryMessageSelector-LEX> -> UnamMessaquelector| | e MethodReturnDperator |ASSIqﬂmEﬂtDDEFMI0ﬂ Expression -> Statement|

‘ Operand -> Expression‘

|Reference -» Operand |

N

| <Reference-LEX> -= Relerence‘




Smalltalk

Every object has a class
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ASF+SDF Meta-Environment

All source code has syntax
(defined by context-free grammars)
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SDF: Syntax Definition

Formalism

O Similar to EBNF 0O GLR parsing
O Modular O Scannerless
O Arbitrary CFGs O Disambiguation

context-free syntax

UnaryMessageSelector ->
BinaryMessageSelector BindableIdentifier ->
Keyword BindableIdentifier =>
KeywordMethodHeaderSegment+ ->
UnaryMethodHeader ->
BinaryMethodHeader ->
KeywordMethodHeader ->
MethodHeader ExecutableCode -

UnaryMethodHeader
BinaryMethodHeader
KeywordMethodHeaderSegment
KeywordMethodHeader
MethodHeader

MethodHeader

MethodHeader
MethodDeclaration
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Smalltalk

All computation occurs through messages
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ASF+SDF Meta-Environment

All computation is transformation
(described using rewrite rules)
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ASF: Algebraic Specification
Formalism

O Concrete syntax
= Match
= Construct

X

X

v+ z)
+ x

* ~ =0

R
M % % +
l<

* Z

if !x then S1 else S2 =

O Term rewrltlng if x then S2 else S1
. mpile(while x do S§) =
0 Purely functional SO oops o n 99 ®)
load x;
0O Automatic traversal jz END;
: mpile(S);
= traversal functions expiE LOOF
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Smalltalk

The language = the environment
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ASF+SDF Meta-Environment

Languages are environment contracts
(environment knows about some languages)
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Integration in the environment

O Little languages

" Errors
= Facts

" Formatting

;0 Issues

Issues # x\

¢ O X

¥ tag not defined in XHTML 1.0 transitional
F layout

%

O Easily extended
= Define a language
= + GUI plugin
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ASF+SDF Meta-Environment

What does it have to do with MDE?
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What is MDE anyway?

Magritte

UNIFIED
MODELING
LANGUAGE

™

U

Fame

MBA Smalltalk

OMeta
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Model driven engineering

O Domain specific notations
= graphical
= textual
O Transformation
= code generation
= model-to-model
= “compilation”
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MDE & the Meta-Environment

Meta

MetaModel H MetaMode

»

I conforms to

Model

I represented by

System

Grammar H

Grammar of
Grammars

1

Source code

1

System

Adapted from: Jean Bézivin, On the Unification Power of Models, UML 2003
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A little language for Markup

e ‘atonoum
lass 5m15'l~h.‘l

i seaSide

% hesdd do ot
(9@ | of Og(a

Waebric
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A simple example

<html>
def main <head>
layout( "Hello") { <title>
hl "Hello World!"; Hello
p "Home"; </title>
} — L — </head>
end Clegs <body>
extract <h1>
: format
def layout(title) Hello World!
html { </hl>
head title title: <p>
body yield; Home
} </p>
end </body>
</html>
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Recursive menus

def menu(menu)
echo menu.title;
ul {
each (kid: menu.kids)
ltem( kid);
b

end

def item(mi)
1if (mi.kids)
11 menu(mi);
else
li1 a(href=mi.link) mi.title;
end
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Waebric tool architecture

XML
formatter

I
Waebric
grammar

XML
grammar

Evaluator

-<4—— Checker

Fact
extractor

Importer

Compiler

< =dependency
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Demo
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Results: Source Lines of Code

Component SDF ASF Total SLOC
Java grammar 1583 0 1583
XML grammar (w/o DTDs) 109 0 109
Waebric grammar 248 o) 248
Evaluator 348 685 1033
Compiler 277 611 888
Import resolver 106 87 193
Checker 131 174 305
Fact extractor 84 119 203
Waebric formatter 129 43 172
XHTML formatter 50 100 150
3065 1819 4884
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Summary

O Meta-Environment

= All data has syntax
= All computation is transformation
" |anguages are environment contracts

0O MDE = DSL engineering (a.o.)
0O Waebric case-study
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Thank you!

O Questions?
O More info:

= http://meta-environment.org
O storm@cwi.nl

Naeb 1T tobe released soon...
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http://meta-environment.org/

END
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